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Optimasi daya pancar pada jaringan nirkabel berbasiskan beamforming hadir sebagai teknik yang menjanjikan untuk meningkatkan efisiensi spektrum sistem komunikasi nirkabel saat ini dan masa datang. Tujuan studi ini adalah untuk meminimalkan konsumsi daya titik akses pada jaringan selular dengan tetap menjaga kualitas layanan (QoS) untuk terminal bergerak. Dalam studi ini, kualitas layanan yang ditargetkan dikirimkan ke stasiun bergerak dengan memberikan tingkat yang diinginkan dari Signal to Interference and Noise Ratio (SINR). Base-station dikoordinasikan di beberapa sel dalam sistem multi-antena beamforming. Studi ini berfokus pada skenario multi-sel multi-antena downlink dimana setiap pengguna ponsel dilengkapi dengan antena tunggal, namun beberapa
Interoperability for Microwave Access (WiMAX) is the technology that has made the broadband wireless a reality.
With the increasing popularity of wireless applications, however, the already crowded wireless spectrum becomes even more crowded. Spectrum is becoming more and more valuable, but in the other hand less and less available. More efficient use of the limited and expensive spectrum has become critically important.
Several techniques are currently available to help ensure spectral efficiency and one of them is minimizing the transmitted power. Transmit power optimisation in wireless networks is the main topic of this study. The focus of this study is on the design of beamforming vectors to minimize the transmitted power.
Beamforming is one of the most powerful possibilities for improving wireless data communications. Beamforming is the method used to create the radiation pattern of the antenna array by adding constructively the phases of the signals in the direction of the targets/mobiles desired, and nulling the pattern of the targets/ mobiles that are undesired/interfering targets. Beamforming is part of the Mobile WiMAX interoperability profiles and is also expected to be high on the priority list for other 4G technologies as the standards continue to evolve over the next few years. This study considers the transmit power optimization problem for the multi-cell multi-user downlink channel with multiple transmit antennas at the base-station. The setup here is a scenario in which the base-stations are equipped with a multiple antennas and the remote receivers are equipped with a single antenna each. In other words, this is a Multiple-Input SingleOutput (MISO) system. Within each cell, multiple remote users may be active simultaneously and are separated via spatial multiplexing using beamforming.
The system considered in this study only requires coordination at the beamforming level, and not in signal level, and is therefore more practical. This means that the data stream for each user only needs to be processed at its own base-station, and not across all the base-stations. Moreover, the base-stations across multiple cells are coordinated to jointly optimize their respective beamformers in order to improve the overall system performance.
Most of the papers related to transmit power optimisation considers the minimisation of transmit power in the ideal case, the Line-of-Sight (LOS) condition. However in the real world, the signal from a wireless transmitter passes several obstructions before arriving at a wireless receiver. The signal may be reflected, refracted, diffracted, absorbed or scattered. These create multiple signals that will arrive at a receiver at different times, from different paths, and with different strength. This is the Non-Line-of-Sight (NLOS) condition. The main contribution of this study is an efficient algorithm for finding the optimal beamformers across all base stations considering the NLOS condition. Another important contribution is that for finding the optimal beamformers, this study imply a correlation-based channel model, the full-correlation-based channel model. Among all correlated channel models, the model used in this study is the most accurate model but in the other hand it is very complex. The simulation results show that the power radiation pattern prove the correctness of the proposed algorithm. Moreover the results show that as the number of users increases, the performance of system in terms of power consumption deteriorates, which is the logic behind the beamforming approach. Another result shows that as the number of antennas increases, the performance of the system is better.
The algorithm for finding the joint globally optimal beamformers across all base-stations is based on uplinkdownlink duality using the Lagrangian duality theory, meaning that downlink beamforming problem can be solved via a dual uplink problem. This comes from the fact that downlink beamforming is more complicated than uplink beamforming, because they must be optimized jointly.
The uplink-downlink duality leads to a distributed implementation in timedivision duplex (TDD) systems. TDD systems fit into smaller blocks of spectrum and require less guard band between active channels. TDD gives more effective spectrum utilization and as a result improves spectrum efficiency. WiMAX is a TDD system.
Background and Literature Survey
The minimization of transmit powerbeamforming design while maintining a desired level of SINR has been extensively studied in the past. It was [1], who the first proposed an iterative algorithm for the optimization of the beamforming vectors and power allocations under SINR constraints based on an uplink-downlink duality. The optimality proof for this duality-based approach is given by [2] based on Karush-Kuhn-Tucker (KKT) condition for the optimization problems.
[3] proposed an iterative algorithm to solve not only the minimal transmit power problem under SINR constraint, but also the maximum minimal SINR problem under a sum power constraint.
[4] introduced a semidefinite programming (SDP) for solving the downlink beamforming problem, while [5] formulated the problem as a second-order-cone programming (SOCP), showing that beamforming problem can be directly turned into a convex problem. All of these above approaches solve the downlink beamforming problem with a sum-power constraint. [6] showed that uplinkdownlink duality may be extended to downlink problems with a per-antenna power constraint via a Lagrangian duality approach. More recently, [7] proposed an efficient algorithm for finding the coordinated optimal beamformers for the multi-cell multiantenna wireless systems. The proposed algorithm is based on a generalization of uplink-downlink duality using the Lagrangian duality approach. However, all these approaches deal with not correlation-based channels. The main point of this study is to find an iterative algorithm based on a correlation-based channel model to solve the beamforming problem. The correlated channel model is chosen such that it gives the best performance among all correlated channel models. Correlated channel imply that elements of channel are correlated. Moreover, this study deals with the NLOS condition problems.
SIMULATION Simulation Assumptions and Results
The parameters used to simulate the result and the results illustrations are the main focus of this section. o. Weighting factors Weighting factors corresponding to the base-station antenna power constraints are set to be λ i =1.
Simulation Assumptions
The main simulation parameter values, as discussed above, are summarized in Table 1 .
Simulation Result
1 Distribution of users Figure. 1 shows the distribution of users in a three cell configuration. Users are distributed randomly in the whole area of a virtual cell (not in the whole area of cell). The triangular shows the location of base stations, while cross illustrates the location of users. Each base station supports two users. The values in coordinate plane are given in kilometres. The radius of the cell is considered to be 1 km.
The simulation code is written in such a way that calculates the distance and angle of departure (AoD) from a base station to a user. The distance is calculated simply based on the coordinate plane points. The AoD is calculated relative to the broadside (boresight) of the array. If the location of the users is in the right of broadside of the array then AoD takes positive values. If the location of the users is in the left of broadside of the array then AoD takes negative value. This holds for every base station. This figure serves as a key instrument to other simulation results.
The distances and AoDs between a BS and a user for the scenario illustrated grafically above, are shown in Table  2 , i.e. 0.4588 shows the distance from base station 2 to the second user of the second cell, while 28.59090 shows the AoD from base station 3 to the second user. eight, and that can be seen from the number of slopes. Each of the base stations supports two users, and that means that there are two main lobes per base station. Main lobe of an antenna radiation pattern is the lobe containing the maximum power. The figure 2 shows that the main lobes are directed to the intended users. For completeness a comparison between the data given in Table 2 and Figure. 2 is given. Table 2 shows that the location of user 1 and user 2 is AoD = 45.09310 and AoD = -17.76560, respectively, with respect to the boresight of the array. In accordance to that, Figure.2 shows that the main lobes are directed towards the user 1 and user 2, which are located exactly at the same angle given in the Table 2 . 
Power radiation pattern of different base stations
Power radiation pattern confirms the correctness of the problem formulation. The idea is to optimize power such that the transmitted power is concentrated only on the desired users.
The radiation pattern is given at different base stations. Moreover, this study presents the radiation pattern in two formats: rectangular and polar format. The rectangular format is illustrated in first part of each base station, while polar format in second part. Figure. 2 gives the radiation pattern of base station 1, Figure. 3 the radiation pattern of base station 2 and Figure. 4 the radiation pattern of base station 3.
The SINR target is considered to be 10 dB. The number of array antennas is
The second Part of Figure. 2 shows that the base station needs more power to transmit the signal to user 1 than user 2. That means that the farther is user, the more power is needed to be transmitted for that particular user.
The same principles hold for base station 2 and 3, given in Figure.3 and Figure. 4. ber of the proposed algorithm is considered to be 3000. This number of iterations gives the convergence of the algorithm. The accuracy in this case is considered to be 10 -1 .
In both figures below it is easily to see that the total transmitted power increases as the target SINR increases. For a SINR target of 10 dB, Figure.5 shows that the total power to be transmitted is 8 dBm. For the same SINR target, Figure. 6 shows that the total transmitted power is 35 dBm. Therefore we have an increase in total transmitted power. This means that as the number of users increases, the performance of the system in terms of transmitted power deteriorates. This is obviously known because the more users we have, more total power we need to transmit. Another reason is that the system used in this study is interference limited system. Another reason is that beamforming approach is limited to the number of antennas with respect to the number of users. Beamforming approach can work only on the case when the number of antennas in array is bigger than the number of supported users. This means that the more user you have the less ability to distinguish the users in terms of beamformers, because you have limitation in the number of antennas.
Effect of varying the number of antennas in total transmitted power
Figure.7 shows the total transmitted power vs. target SINR for K=2 user
Minimum total transmitted power strategy
The main idea of this study is to minimize the total transmitted power subject to SINR targets. To solve this problem an iterative algorithm is derived. Figure. 5 and Figure.6 shows the simulation results for this analytical algorithm.
Figure.5 shows a plot of total transmitted power vs. target SINR for Nt = 8, assuming K = 2 users. Figure.6 shows a similar case, with the only difference in the number of users K = 3. Total transmitted power is given in dBm, while target SINR is given in dB. The users are putted randomly in the whole virtual cell. The distribution of users is simulated 10 times (usually 10000 times is preferable). This comes with the reason that sometimes the location of users can be near or far away from base station, and to have a more realistic result, the average for different user distribution is simulated 10 times. The number of channel samples is considered to be 500. This number of samples does not give the most realistic result (usually 10000 or 20000 samples are taken for channel realization), but because of the time limitation, this study simulates just 500 samples for channel calculation. The reason why a big number of samples is needed to calculate the channel, is that this study deals with Rayleigh fading and shadowing, and they are simulated randomly. The iteration num- and different number of antennas Nt= 4,8,16. The figure shows that increasing the number of antennas improves the system performance in terms of power consumption. This is due to the fact that increasing the number of antennas in array the width of main beam decreases [8] , which means that we need less power to transmit. With the increase of antennas, the side lobes widths also decreases, and this means that we send less power to undesired users, although the number of side lobes increases.
Because of the limitation of time to run many samples, the curves are not smooth.
Summary
The simulations results show the correctness of the problem formulation. Power radiation pattern shows the proof of correctness. A comparison between minimise total transmitted power strategy for 2 users and 3 users shows that as the number of users increases, the performance of system deteriorates. This is logical considering that our system model is an interference-limited model. Finally a comparison of total transmitted power between different number of antennas shows that the more number of antennas the better performance of the system. 
CONCLUSION AND FURTHER WORK
Conclusion
With the demand of wireless communication services and increasing popularity of wireless applications, the already crowded wireless spectrum is getting more and more limited and expensive. To help solve this problem, many techniques are developed. One of the techniques used to increase the spectral efficiency is power optimization. This study tries to minimise the total power consumption in cellular networks while maintaining a targeted SINR.
The scenario considered in this study is a downlink MISO scenario, where base stations are coordinated across multiple cells and they consist of many antennas. In the other hand the remote users are equipped with a single antenna, but where many of these users may be active in each cell and are separated via spatial multiplexing using beamforming. Beamforming is the approach that minimizes the total transmitted power by directing the main lobes towards the desired users, and side lobes in the direction of unwanted users.
The main contribution of this study is to design an iterative algorithm, finding the transmitted beamformers, that help minimize the total transmitted power. The algorithm is chosen to be a correlated-based channel model, the full-correlation model. This channel model is the most accurate. The algorithm is based on dual uplink-downlink duality, which transforms the downlink problem in the form of uplink problem. This duality approach is solved via Lagrangian duality theory.
Further work
Although this study has answered a number of important questions regarding optimization of transmitted power, several issues remain for possible future work:
1. As an alternative to the transmit power minimization problem mentioned in this study, one can also formulate a rate-region maximization problem subject to power constraints at the base-stations, although numerical optimization of achievable rate regions are much more difficult. practice, the weights are determined using an adaptive beamforming algorithm. Due to limitations of actual beamforming algorithms, errors are introduced in the beamforming weights. In this context, the performance of different beamforming algorithms can be explored with regard to their sensitivity to the operating channel and user conditions.
